Background: Microalbuminuria screening to identify patients at risk of diabetic nephropathy is widely accepted. Aim: To investigate whether blood-pressure-based strategies can identify such patients without the need for microalbuminuria testing. Methods: Spot urine for albumin/creatinine ratios was performed in all patients over an 18-month period. The performance of four combinations of clinical models, based on existing triggers for antihypertensive intervention (prior use and/or existing systolic BP exceeding 140 or 160 mmHg and/or dipstick proteinuria exceeding 1þ or 2þ) was evaluated at microalbuminuria thresholds of 3.5 and 10 mg/mmol. The models were ranked 1 to 4, based on their escalating relative strengths in predicting need for intervention.
Introduction
Persistent microalbuminuria (MA) is a marker for the presence of diabetic nephropathy, and effective treatment with anti-hypertensive therapy (AHT) using a variety of agents retards its progression. [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] The natural history of MA, however, is still not well understood. Recent evidences casts considerable doubt on the reliability of MA as a predictor of overt nephropathy. [5] [6] [7] [8] Nevertheless, MA is accepted as an important screening tool, and a number of recommendations advocate its routine use in patients with diabetes. [11] [12] [13] Testing for MA, though relatively simple and non-invasive, is fraught with a number of practical difficulties and introduces variables that impact on cost-effectiveness. 14 Those studies that have found screening for MA to be cost-saving have either compared MA screening and intervention against no intervention, or against screening for macroalbuminuria only. [15] [16] [17] [18] Furthermore, most assumed perfect testing characteristics for MA, and did not consider the impact of false positive results.
In this evaluation, we have examined whether other strategies using readily measured clinical measurements, identify patients with diabetes who will benefit from intervention with anti-hypertensive therapy without the need for MA testing. The models are based on pre-existing treatment with AHT and/or the presence of other compelling indications for such treatment. Four different models with escalating strength in predicting need for intervention were developed and evaluated at two different MA thresholds. Receiver Operator Characteristic (ROC) curves, in which the sensitivity is plotted against the corresponding false positive rate, was used to assess the performance of these clinical risk models. The area under the ROC curve measured how well the models predicted the presence of MA.
Methods
The diabetes population was drawn from the Wolverhampton district diabetes register, which recorded demographic, clinical and biochemical characteristics of patients on every annual review. The cross-sectional evaluation was done in the 4079 patients who attended the centre over the 18-month period between January 2001 (when universal microalbuminuria screening was commenced in our centre) and June 2002. Of the 4079, MA results were unavailable in 331 individuals, who were excluded from further analysis. There were no other exclusions. Results are presented for the 3748 individuals with MA.
Four combinations of clinical risk models were devised, based on AHT status and two differing thresholds for systolic blood pressure (140 and 160 mmHg) and proteinuria (1þ and 2þ) as described in Table 1 . The inclusion into the model depended on individuals fulfilling one or the other criteria for triggering AHT. The use of differing thresholds was based on their escalating strengths in predicting adverse risk outcomes. Thus, an SBP threshold of 160 mmHg, with its associated higher absolute risk of vascular events, represented a higher risk group compared to that of 140 mmHg. The Hypertension Optimum Treatment (HOT) Study 19 showed the incidence rates of major cardiovascular events to rise from 10 per 1000 person years at 4140 mmHg to 11 at 4160, 15 at 4180 and 20 at 4190. In the diabetes population, UKPDS 20 showed the myocardial infarction rates to similarly rise from 18 per 1000 person years at an SBP of 120 mmHg to 24 at 4140, 33 at 4160 and 37 at 4170. With regards to dipstick proteinuria threshold, while 2þ has been found to represent diabetic nephropathy reliably, many patients with 1þ proteinuria are found to have even normoalbuminuria on quantitative testing. [21] [22] [23] Overall, the risk models 1 and 4 thus represented a higher or a lower clinical risk strategy.
The models were used to predict the risk of microalbuminuria for each individual, and the predicted risk was used to construct the ROC curves. There is also a question around the best threshold for MA. An ACR threshold of 10 mg/mmol, with its higher predictive power for overt nephropathy, is believed to represent a better cut-off than 3.5 mg/mmol. 13, 24, 25 We have therefore independently assessed the performance of our models at these two different MA thresholds.
Trained health care professionals carried out blood pressure measurements using automated blood pressure monitors (Dinamap XL, Johnson & Johnson). Urine dipstick for protein was done (Combur5 Test D strips, Roche Diagnostics) and the results read visually as negative or positive at 1þ, 2þ or greater, representing protein concentrations of 530, 430, 100 and 500 mg/dl, respectively. Microalbuminuria screening was done using spot morning urine for albumin/creatinine ratio (ACR), in accordance with the recommendations of the American Diabetes Association. 10 Urine creatinine (mmol/l) was quantitated by the Jaffé method (Roche Modular System) and urine microalbumin (mg/l) by immunoassay (Microalbumin Immulite, DPC).
Statistical analyses were performed using version 10 of the Statistical Package for Social Sciences (SPSS) and were considered significant at the 5% level. Approval from the Local Research and Ethics committee was obtained for this evaluation. The ROC curves displaying the performance of the above-described clinical models at ACR thresholds of 3.5 and 10 mg/mmol, and the corresponding areas under the curves (AUC), are shown in Figures 1 and 2 respectively. The unselected residual population, sensitivity, specificity, positive and negative predictive values, and the numbers with MA missed after the application of these models and are shown in Table 2 (ACR threshold 3.5 mg/mmol) and Table 3 (ACR threshold 10 mg/mmol).
At both the ACR thresholds, all four models appeared to significantly predict the risk of MA (all p 5 0.001), the performance being relatively better at a threshold of 10 mg/mmol. With respect to AUC, the models that incorporated dipstick threshold of 1þ performed better than the other models.
After the application of these clinical models, the residual unselected populations were 1528/ 3748 (41%) using model 1,1283 (34%) using model 2,945 (25%) using model 3 and 811 (22%) using model 4. Thus the use of MA screening would not have triggered intervention over and above the clinical strategy in 60-80% of the population. At an ACR threshold of 3.5 mg/mmol, the numbers of patients with MA that these models (1 to 4) missed were 368, 232, 194 and 126, representing 10%, 6%, 5% and 3% of the whole study population, respectively (false negative rates). The equivalent values at ACR threshold of 10 mg/mmol were 164, 87, 81 and 45, representing 4%, 2%, 2% and 1%, respectively, of the study population. The lower false negative rates reflected on their relatively good sensitivity and negative predictive value rates. Although the models' high false positive rates impacted on their poor specificity and positive predictive value rates, since the inclusion into the model was based on the presence of valid triggers for AHT, the false positives would only be for nephropathy and not for intervention.
Thus, even without MA testing, the highest (model 1) and lowest (model 4) clinical risk 1 -Specificity Table 1 for definitions) at microalbuminuria threshold of 3.5 mg/mmol. Data at right are areas under the curve (95%CIs), all p 5 0.001. models missed only 10% and 3% of patients with ACR exceeding 3.5 mg/mmol and 4% and 1% of those with ACR exceeding 10 mg/mmol, respectively.
Discussion
Microalbuminuria is now accepted as a useful screening tool to identify patients at risk of diabetic nephropathy, who may therefore benefit from effective intervention with anti-hypertensive drugs. The natural history of microalbuminuria, however, is poorly understood. While earlier evidence [1] [2] [3] [4] showed it to have high predictive values for overt nephropathy, more recent trials seriously question this. [5] [6] [7] [8] Testing for MA is also fraught with some practical difficulties, and strategies to overcome them impose a significant burden on patient management and cost-effectiveness, without necessarily improving diagnostic certainty.
14 Furthermore, in the absence of evidence on the usefulness of MA testing in patients already established on AHT, the value of annual re-screening is also questioned. The proportion of patients likely to benefit from such testing in the subsequent years of screening will be smaller, approaching the annual incidence rate of MA (1-4%). 26 The need for optimal blood pressure control and attention to vascular risk factors in patients with diabetes is now well understood. 19, 20, 27 There are readily available clinical parameters that identify at risk patients for intervention with AHT and taking these into account, the additional impact that the detection of MA will have, is not known. The thresholds of these parameters (hypertension or overt nephropathy) when intervention is indicated can vary depending on their relative ability in predicting adverse events. Thus a SBP threshold of 160 mmHg identifies a group at a higher risk for adverse events, compared to a threshold of 140 mmHg, 19, 20 and the same argument can be applied to the choice of dipstick proteinuria thresholds (2þ versus 1þ). [21] [22] [23] On the question of the appropriate threshold to define significant MA, it can still be argued, as it has been by others, 13, 24, 25 that an ACR of 10 mg/mmol, with its higher predictive power for overt nephropathy, is a better cut-off than 3.5 mg/mmol.
We have addressed these issues by using four different clinical approaches at two different ACR thresholds. Our results show that the use of readily available clinical parameters to trigger AHT can reduce the target population likely to benefit from MA screening by 60-80%. In the first year of screening, even without MA testing, we would have missed only 3-10% and 1-4% of the population with ACR 43.5 and 410 mg/mmol, respectively, depending on the model chosen. Significant proportions of these are likely to fulfil our clinical criteria for intervention in the subsequent years.
While many cost-benefit analyses concluded MA screening in diabetes to be cost-saving, they either compared MA screening and intervention 1 -Specificity Table 1 for definitions) at microalbuminuria threshold of 10 mg/mmol. Curves for models 3 and 4 overlap. Data at right are areas under the curve (95%CIs), all p 5 0.001. against no intervention or against screening for macroalbuminuria only. [15] [16] [17] [18] Furthermore, most studies assumed perfect testing characteristics for MA and did not consider the impact of false positive results. However, one study has considered false positives as well as comparing MA screening strategy to a hypertension and/or macroalbuminuria strategy. 15 It concluded that for MA screening to be cost-effective, the proportion of those with concomitant hypertension ought to be 564%, and the positive predictive value of MA test had to be at least 0.8. Formal cost-benefit analyses will be needed to answer the question as to which of our models is the most cost-effective. However, with a significant proportion of our population (74% or 58%, using SBP thresholds of 140 or 160 mmHg, respectively) already noted to have hypertension that would benefit from intervention irrespective of the albuminuria status, the additional value of MA screening is already strongly questioned.
The value of routine screening for dipstick proteinuria can also be similarly argued. However, dipstick screening is already part of routine care provided to diabetic patients, and apart from being easy to use, they are also considerably cheaper than MA. Furthermore, dipstick proteinuria hierarchically represents a later stage of nephropathy with an increased likelihood of inevitable progression to end stage renal disease and although the reliability of dipsticks at 1þ threshold has been questioned, [21] [22] [23] there is no problem with false negativity or positivity at thresholds of 2þ or more.
The observed excess cardiovascular risk in individuals with albuminuria (especially with type 2 diabetes) is quoted as another reason to justify microalbuminuria screening. The relationship between microalbuminuria and cardiovascular risk is complex, and there is little evidence that the link is causal. 28, 29 Rather, it is thought that MA and cardiovascular risk are likely to be downstream expression of common aetiological factors. There are well-validated risk engines to calculate cardiovascular risk, and none of these include MA in their calculations, so microalbuminuria cannot be logically used to predict cardiovascular risk.
As to which of our clinical strategies one follows, this is up to the service providers after fully understanding risk evaluation. Whichever model one pursues, we have shown the detection of MA to have little or no additional impact in 60-80% of the population. The fact that, even without MA testing, our best-performing clinical model would have missed only 1-3% of the study population with significant MA, strongly questions the value of MA screening. Formal cost-benefit analysis will be required to answer this question fully. Our study hopefully stimulates the need for continuing debate on how best to use MA testing.
